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FOREWORD

This Indian Standard (Part 21) (Second Revision) was adopted by the Bureauof Indian Standards, after the draft finalized by the Methods of Chemical Analysis of Ferrous Metals Sectional Committee had been approved by the Metallurgical Engineering Division Council. IS 228, which was first published in 1952 and subsequently revised in 1959, covered the chemical analysis of plain carbon and low alloy steels, along with pig iron and cast iron. R was revised again to make it comprehensive in respect of steel analysis and to exclude pig iron and cast iron which were being covered in separate standards. During its second revision the standard has been split up in several parts. This part covers the method for determination of copper by spectrophotometric method. The other parts of this series are: (Part 1): 1987 (Part 2): 1987 (Part 3): 1987 (Part 4): 1987 Determination of carbon by volumetric method (for carbon 0.05 to 2.50 percent) (third revision) Determination of manganese in plain-carbon and low alloy steels by arsenite method (third revision) Determination of phosphorus by alkalimetric method (third revision) Determination of total carbon by gravimetric method (for carbon greater than or equal to 0.1 percent) (third revision)

(Part 5): 1987 Determination of nickel by dimethyl glyoxime (gravimetric) method (for nickel greater than or equal to 0.1 percent) (third revision) (Part 6): 1987 (Part 7): 1990 (Part 8): 1989 (Part 9): 1989 (Part 10):1989 (Part n): Determination of chromium by persulphate oxidation method (for chromium 20.1 percent) (third revision) Determination of molybdenum by alpha bezoinoxime method (for molybdenum 1 percent and not containing tungsten (third revision) Determination of silicon by gravimetric method(for silicon 0.05 to 0.50 percent) (third revision) Determination of sulphur in plain carbon steels by evolution method (for sulphur 0.01 to 0.25 percent) (third revision) Determination of molybdenum by thiocyrmate (photometric) method in low and high alloy steels (for molybdenum 0.01 to 1.5 percent) (third revision)

1990 Determination of total silicon by reduced molybdosilicate spectro photo metric method in carbon steels and low alloy steels (for silicon 0.01 to 0.05 percent) (third revision) Determination of manganese by periodate spectrophotometric method in low and high alloy steels (for manganese 0.01 to 5.0 percent) ~ourth revision) Determination of arsenic Determination of carbon by thermal conductivity method (for carbon 0.005 to 2.000 percent)

(Part 12) :2001 (Part 3) :1982 (Part 4) :1988

(Part 5).: 1992 Determination of copper by thiosulphate iodide method (for copper 0.05 to 5 percent) (second revision) (Part 16) :1992 Determination of tungsten by spectrophotometric method (for tungsten 0.1 to 2 percent) (second revision) (Continued on third cover)
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Indian Standard METHODS FOR CHEMICAL ANALYSIS OF STEELS
BY PART 21 DETERMtNATION OF COPPER SPECTROPHOTOMETRIC METHOD (For Copper 0.02 to 0.50 Percent)

(Second
1 SCOPE

Revision )
5.2.2 Nitric Acid, rd = 1.42 (conforming to IS 264). 5.2.3 Hydrofluoric Acid, 40 percent. 5.2.4 Perchloric Acid, 60 percent. 5.2.5 SulphuricAcid, rd= 1.86 (conforming to IS 266). 5.2.6 Citric AcidSolution, 40 Percent (mIv) -- Dissolve 40 g of citric acid in 10 ml of water, neutralize with ammonium hydroxide and make up to 100 ml with water. 5.2.7 Dilute Ammonium Hydroxide Solution, 1:1 (v/v) 5.2.8 Solution of Disodium Salt of EDTA, 4 Percent (mIv) -- Dissolve 4 gof disodium salt of EDTA in 60 ml of water. Make itup to 100 ml. 5.2.9 Phenolphthalein Indicator, 0.1 Percent (m/v), in alcohol.
5.2.10

This standard (Part 21) describes the spectrophotometric (diethyldithio-carbamate) method for determination of copper in the range from 0.02 to 0.50 percent
in steel.

2 REFERENCES The standard listed below contain provisions which through reference in this text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below: IS No. 264:1976 265:1993 266:1993 1070:1992 3 SAMPLING The samples shall be drawn and prepared as per the method prescribed in the relevant Indian Standard. 4 QUALITY
OF REAGENTS

Title Nitric acid (second revision) Hydrochloric acid ~ourth revision) Sulphuric acid (third revision) Reagent grade water (thirdrevision)

Dilute Hydrochloric Acid, 1:1 (v/v).

5.2.11 Sodium Diethyl-Dithiocarbamate Solution, 0.1 Percent (m/v) in water. 5.2.12 Chloroform
5.2.13 Standard Copper Solutions 5.2.13.1 Stock copper soIution ( 1 ml = 1 .ug &) --

Unless specified otherwise, analytical grade reagents and distilled water (see IS 1070) shall be employed for the test.
OF COPPER BY 5 DETERMINATION SPECTROPHOTOMETRIC (DIETHYLDITHIOCARBAMATE) METHOD 5.1 Outline of the Method

Weigh, to the nearest of 0.0001 g , 1.0000 g of pure electrolytic copper. Transfer to a 400 ml beaker and dissolve in 50 ml of dilute nitric acid (1:3). heat to boiling to remove nitrous fumes. Cool and transfer the solution to 1 000 ml volumetric flask, dilute to mark and m"ix.
5.2.13.2 Standard copper solution (1 ml = 0.01 pg Cu) -- Transfer 10 ml of the stock solution (see 5.2.13.1) into a 1 000 ml volumetric flask, dilute to mark and mix.

The sample is dissolved in acids. A suitable aliquot is taken and copper is complexed with diethyldithiocarbamate, extracted in chloroform and determined spectrophotometrically at 435 nm. 5.2 Reagents
5.2.1

5.3 Procedure
5.3.1 Take 1.00 g of the sample in a 250 ml beaker. Add 5 ml of hydrochloric acid, 5 ml of nitric acid and 5 drops of hydrofluoric acid. Cover the beaker and keep aside till the reaction ceases. Add 5 ml of perchloric acid and evaporate to dryness. Then add after cooling 5 ml of sulphuric acid and fume to dense fumes -of

Hydrochloric Acid, rd = 1.16 (conforming to 1S265). 1
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sulphur trioxide. Remove the beak~r from hot plate, cool and add 50 to 60 ml of water, boil for 5 to 10 min and cool and make up to 250 ml in a volumetric flask after filtration if necessary.
5.3.2

5.3.4 Calibration Curve Transfer 0,1,2,5,10,20 and 25 ml aliquots of standard copper solution ( 1 ml = 0.01 pg Cu) to the separating funnel and proceed in accordance with 5.3.2. Draw a calibration curve of absorbance values against pg of copper in various aliquots. 5.3.5 Calculation Copper, percent by mass = +x where A = mass, in mg, of copper found in aliquot of sample solution; and B = mass, in g, of sample represented by aliquot taken. 6 REPRODUCIBILITY Typical values are: + ().005 up to 1 percent. * 0.01 for 0.1 to 0.2 percent. + ().02 for 0.2 to 0.5 percent. 0.1

Pipette IO ml aliquot of the sample into 125 ml separating funnel. Add in sequence 10 ml of citric acid, 10 ml of EDTA solution and one drop of phenotphtha]ein indicator. Shake the separating funnel after each addition. Neutralize the solution with dilute ammonium hydroxide, till the colour changes to pink. Add 10 ml of sodium diethyl dithiocarbamate solution. Mix well and allow to stand for 5 min. Extract twice with 10 ml each of chloroform. Combine the solvent extracts and make up to 50 ml with chloroform in a volumetric flask and mix well. Measure the absorbance of the solution against a reagent blank at 435 nm. Convert the spectrometric readings of sample to pg of copper per ml by means of calibration curve. 5.3.3 Blank Prepare the reagent blank as per 5.3 except the sample.
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(Continuedfrom second cover) (Part 17) :1998 (Part 18) :1998 (Part 19) :1998 (Part 20) :2003 (Part 22) :2003 (Part 23) :2003 (Part 24) :2003 Determination of nitrogen by thermal conductivity method for nitrogen up to 0.4 percent (second revision) Determination of oxygen by instrumental method (second revision) Determination of nitrogen by steam distillation (second revision) Determination of carbon and sulphur by infra red absorption method (for carbon 0.005 to 2 percent and sulphur 0.001 to 0.35 percent) (second revision) Determination of total hydrogen in steel by thermal conductivity method (hydrogen 0.1 to 50 ppm) Determination of nitrogen in steel by optical emission spectrometer (nitrogen 0.002 to 1.0 percent) Determination of nitrogen in steel by inert gas fusion-- Thermal conductivity method (nitrogen 0.001 to 0.2 Percent)

In reporting the result of a test or analysis made in accordance with this standard, if the final value observed or calculated is to be rounded off it shall be done in accordance with IS 2: 1960 `Rules for rounding off numerical values (revise~'.
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